ABSTRACT Aims/Introduction: To assess the time to initiation of insulin therapy, and concurrently investigate both patient-and physician-related factors associated with delaying insulin therapy in Korean patients with type 2 diabetes uncontrolled by oral hypoglycemic agents (OHAs). Materials and Methods: This prospective, observational disease registry study was carried out across 69 centers in Korea. Type 2 diabetes patients who had received two or more OHAs within the past 5 years, had a glycated hemoglobin ≥8% in the past 6 months and had not received insulin were included. Data recorded on data collection forms during a 12-month period were analyzed. Results: Of 2168 patients enrolled, 1959 were evaluated and classified as the insulin-initiated or insulin-delayed group. Insulin was prescribed for just 20% of the patients during a 1-year follow-up period, and less than half (44.5%) of the patients who were taking two OHAs started insulin after 6 years. Patient-related factors for delay in insulin initiation included older age, shorter duration of diabetes and lower glycated hemoglobin. Physician-related factors included age (~50 to <60 years), sex (women) and number (<1000) of patients consulted per month. Patient refusal (33.6%) and physicians' concerns of patient non-compliance (26.5%) were the major physician-reported reasons for delaying insulin therapy. Inconvenience of insulin therapy (51.6%) and fear of injection (48.2%) were the major reasons for patient refusal. Conclusions: Insulin initiation is delayed in patients with type 2 diabetes uncontrolled by two or more OHAs in Korea. Patient-and physician-related factors associated with this delay need to be addressed for better diabetes management.
INTRODUCTION
Globally, an estimated 382 million people are living with diabetes, and this number is expected to rise to 592 million by 2035 1 . According to 2010 estimates, there are 3.3 million people with diabetes living in Korea, and this number is expected to rise to 4.3 million by 2030 2 . The aging population, rapid economic development, increase in central obesity and a westernized lifestyle have led to the rise in diabetes prevalence 2, 3 , which in turn has resulted in a high burden in terms of morbidity, mortality and healthcare costs in Korea 2, 4, 5 . Diabetes is the fifth leading cause of death in Korea 2, 4 . For the management of diabetes, numerous oral hypoglycemic agents (OHAs) are available, and recommendations for their use either as monotherapy or in combination are described in the diabetes management guidelines including the American Diabetes Association (ADA), and the joint ADA and European Association for the Study of Diabetes (EASD) guidelines 6 , and the Korean Diabetes Association guideline 7 . Although OHAs either as monotherapy or combination therapy are often initially successful in lowering the glycated hemoglobin (HbA1c) level, they are unable to restore normal HbA1c in the long term 8, 9 . Timely initiation of insulin therapy has been suggested in these patients, as it reduces diabetes-related complications, improves the cardiovascular profile, lowers insulin resistance, reverses glucotoxicity and helps preserve b-cell function for a longer duration than OHAs alone [10] [11] [12] . Although evidence supports timely insulin initiation, significant concerns about weight gain, fear of injections, risk of hypoglycemia, patient adherence, pain associated with injections and self-monitoring of blood glucose hinder its application in clinical practice 13 . Failure to initiate insulin therapy timely can result in poor glycemic control, reduced life expectancy and a compromised quality of life 14 , and is associated with a number of diabetes-related complications including blindness, organ damage and loss of circulation to limbs resulting in amputation.
Despite known benefits of timely insulin initiation, insulin is not initiated at the appropriate time in a considerable proportion of patients who require insulin. The reasons for which such resistance to initiation of insulin therapy are predicated must be understood in order to explore the means of reversing the trend of delayed insulin initiation. Exploring patients' concerns and beliefs regarding insulin therapy is crucial to formulating effective strategies for timely insulin initiation and assisting physicians in delivering patient-centered care. Furthermore, there are barriers to initiating insulin originating from physicians. Thus, it is important to assess the magnitude of, and the reasons for, resistance to insulin initiation in real-life healthcare settings in order to create the evidence base to formulate better diabetes care practices. The objectives of the current study were to investigate the time to onset of insulin therapy in Korean patients with type 2 diabetes, uncontrolled by two or more OHAs combination therapy (HbA1c ≥8.0%) and to elucidate specific factors that contribute to the delay of insulin initiation among Korean physicians and patients.
MATERIALS AND METHODS
The present study was a multicenter, prospective, observational disease registry study carried out across 69 centers (53 general hospitals and 16 private hospitals) in Korea from September 2009 to October 2012. This study was carried out in accordance with the ethical principles laid down in the declaration of Helsinki and guidelines for Good Clinical Practice, and was approved by the ethics committees of each participating center. Written informed consent was obtained from each patient before initiation of the study.
Study patients and procedure
The present study included adults with type 2 diabetes aged >20 years who had started taking two or more OHAs within the past 5 years (the date of which could be validated through medical record review), had HbA1c ≥8% in the past 6 months and had not received insulin therapy on a regular basis. The eligibility criteria for the initiation of insulin therapy was based on the Korean Diabetes Association guideline for diabetes 2011 (www.diabetes.or.kr). Patients participating in another drug trial were excluded from the study.
The start of insulin therapy and change or discontinuation of existing therapy was based solely on the clinical judgment of the investigator. No study-specific interventions were performed.
Data collection
Data were recorded on data collection forms for variables including patient demographics (i.e., age, sex and body mass index), mean HbA1c and fasting plasma glucose levels, duration of diabetes, duration of treatment with two or more OHAs, and history of diabetes-related complications.
Data on each physician's age, sex, specialty, number of type 2 diabetes patients consulted per month, presence of nurses trained in diabetes education and the level of agreement with consensus guidelines were also collected on the data collection forms.
During the follow-up period, dates of insulin prescription were collected through patients' medical record review. The data were collected from the patients' medical records at baseline, and at within 1 month of 3, 6, 9 and 12 months after baseline by the investigators in the case report form. For patients whose data at month 12 after baseline were not collected, the last recorded data were used as end-of-study data. At the final visit, both physicians and patients were asked why they did not start insulin through a questionnaire (Appendix S1).
Statistical analysis
Patients were classified into an insulin-initiated group or an insulin-delayed group. Statistical analysis was based on all patients who were included in the analysis set. All recorded data were descriptively analyzed. Continuous variable data are summarized as means -standard deviations, median and range. Categorical variable data are presented as frequencies and percentages. Where necessary, 95% confidence intervals (CIs) are provided, and all statistical tests were carried out at a significance level of 5% using a two-sided test. For primary analysis, survival time was defined as the time from start date of using two OHAs to the onset of insulin therapy in patients with type 2 diabetes uncontrolled by two or more agents. A survival curve was drawn using Kaplan-Meier estimates followed by median survival time and its 95% CI. The effects of patient and physician factors on whether to start insulin were evaluated using a multivariate logistic regression model. All statistical analyses were carried out using Sas version 9.1 (SAS Institute, Cary, North Carolina, USA).
RESULTS

Patient classification
Of the 2168 enrolled patients, 209 patients were excluded from the study owing to incomplete data. Of the remaining 1959 patients, 386 (19.7%) initiated insulin during the 1-year followup period. Among the 1573 patients who did not start insulin during the 1-year follow-up period, 1205 (76.6%) were followed up until the study end ( Figure S1 ).
Baseline characteristics of patients and physicians
Overall, the mean age of the patients was 57.0 -11.3 years, with no statistically significant (P = 0.0757) difference between groups. The mean duration of diabetes of the study population was 7.9 -6.4 years. HbA1c and fasting plasma glucose levels were significantly higher in the insulin-initiated group than in the insulin-delayed group (HbA1c: 9.7 -1.5 vs 8.8 -0.9%, Table 1 ). The mean age of the physicians was 43.5 -7.3 years, with no statistically significant differences among the groups (P = 0.8489), and the majority of physicians were men (67.3%). There was a higher proportion of physicians in the 40-50 years age group in the insulin-initiated group than in the insulindelayed group (52.8 vs 46.3%, P < 0.0001). Most physicians specialized in endocrinology (92.6%). Physicians working with diabetes education nurses were more common in the insulindelayed group than in the insulin-initiated group (87.8 vs 71.8%, P < 0.0001). Physicians who supported ADA/EASD guidelines were more common in the insulin-initiated group than in the insulin-delayed group (78.2 vs 73.2%, P = 0.0441).
Time to onset of insulin therapy from the start of therapy with two OHAs Figure 1 shows Kaplan-Meier estimates of time to onset of insulin therapy from the start date of two OHAs in patients with type 2 diabetes. Among the patients whose HbA1c was <9.0%, approximately 14 and 22% of patients initiated insulin at 45 and 60 months, respectively. Even among the patients whose HbA1c was >9.0%, approximately 34% initiated insulin therapy at 45 months, and 53% at 60 months. Overall, it took approximately 72 months for insulin therapy to be initiated in 44.5% of the patients.
Factors associated with initiation of insulin therapy A multivariate logistic regression analysis was carried out to assess the factors associated with the initiation of insulin therapy. Patients aged younger than 40 years were almost 2.3-fold more likely to have initiated insulin therapy than patients aged 60 years or older (odds ratio [OR] 2.274, 95% CI: 1.305-3.963). Initiation of insulin therapy was nearly 70.0% more likely in patients with HbA1c ≥9% than in patients with HbA1c <9% (OR 0.308, 95% CI: 0.235-0.404). A long duration of diabetes (≥10 years) was also associated with initiation of insulin therapy. A history of microvascular or macrovascular complications was not significantly associated with initiation of insulin therapy (Table 2) .
Physicians aged older than 60 years were 70% more likely to initiate insulin therapy than physicians aged 50-59 years (OR 0.290, 95% CI: 0.145-0.581), and younger physicians aged <50 years also were almost four-to sixfold more likely to initiate insulin therapy than physicians aged 50-59 years. Male physicians were 2.2-fold more likely to initiate insulin therapy compared with their female counterparts (OR 2.232, 95% CI: 1.523-3.271). Furthermore, physicians consulting more than 1000 patients with diabetes per month were more likely to initiate insulin therapy (Table 3) . However, physicians supporting the ADA/EASD guideline or not was not associated with the initiation of insulin therapy.
Reasons for not initiating insulin therapy
The major patient-reported reasons for delaying insulin therapy included inconvenience (51.6%), fear of injection (48.2%) and concern about the pain of injections (14.0%). Nearly one in three patients reported that they considered the initiation of insulin therapy as the end of life (survey response: think 'it is the end of life,' 31.1%). Simultaneously, patient refusal (33.6%), concerns about patient compliance (26.5%) and concerns about hypoglycemia (14.2%) were the major physician-reported reasons for delaying insulin therapy in patients with type 2 diabetes (Table 4 ). 
DISCUSSION
To the best of our knowledge, this is the first study to assess the time to initiation of insulin therapy and concurrently investigate both patient-and physician-related factors associated with delaying insulin therapy in patients who were uncontrolled by two OHAs in a prospective manner. Current treatment guidelines by the ADA and the joint ADA/EASD advocate timely initiation of insulin in patients who do not achieve glycemic targets with two OHAs 15 . In the current study, approximately 25.0, 34.0 and 44.0% of patients initiated insulin after almost 3.75, 5 and 6 years from the start date of two OHAs, respectively, showing a wide gap between the recommended medical practice and the actual care that patients with diabetes receive. Patient-related factors associated with delayed initiation of insulin included older age, relatively low HbA1c level (<9%) and shorter duration of diabetes. In contrast, physician-related factors contributing to their resistance toward initiating therapy included age between 50 and 60 years, female sex, and consulting <1000 patients per month.
Despite the benefits of timely insulin initiation, the transition from OHAs to insulin therapy is often delayed in patients with diabetes 14, [16] [17] [18] . In the current study, approximately one in two patients initiated insulin after almost 6 years. According to data published in the USA, patients with inadequate glycemic control carry the burden of HbA1c ≥8.0% for approximately 5 years before subcutaneous insulin therapy is initiated 19 . In another longitudinal cohort of 3891 patients with type 2 diabetes receiving OHAs, just 41.9% of patients added insulin therapy despite failures to attain HbA1c <8.0%
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. Thus, data from the current study show that the trend of delaying insulin initiation is in line with global trends; this highlights the need for concerted efforts to effect changes in modalities of diabetes care.
Timely initiation of insulin therapy is crucial for achieving glycemic control and preventing diabetes-related complications [19] [20] [21] . In the MOdaliTy of Insulin treatment eValuation (MOTIV) registry, timely initiation of insulin therapy results in better achievement of glycemic goals with a lower insulin dosage and a low frequency of hypoglycemic events in patients with type 2 diabetes 22 . In the Outcome Reduction with an Initial Glargine Intervention (ORIGIN) trial, basal insulin therapy for more than 6 years maintained near-normal glycemic control and slowed progression of dysglycemia, with a neutral effect on cardiovascular outcomes, and a low rate of severe hypoglycemia and modest weight gain 23 .
The delay in initiation of insulin therapy is a major issue in managing people with diabetes in primary care 24 , and warrants a thorough understanding of the factors that modulate such a delay. The current study included an assessment of patientand physician-related factors affecting insulin initiation in . Overall, 74% of physicians agreed with the ADA/EASD guidelines, and although the rate of support was over 70% in both groups, there was a gap between guideline support and actual insulin initiation. The importance of diabetes education and communication in addressing the underlying cause of delay in insulin initiation was addressed in a survey of primary care physicians 25 . Nurses trained in diabetes education often play key roles in helping patients make the decision to initiate insulin therapy, teach skills of injection and provide support in assessing diabetes-related complications as they arise 26 . In contrast, in the current study, physicians working with nurses trained in diabetes education tended to delay initiation of insulin therapy, which might require further investigation.
Several studies examined factors that contribute to physician unwillingness to initiate insulin therapy. Riddle 27 reported the underuse of insulin therapy in North America, and pointed out that some physicians worry that insulin therapy might promote insulin resistance or increase the risk of cardiovascular events, both of which are reported as major concerns for many physicians in the survey carried out by Hayes et al. 24 Additionally, physician's perception of fear of hypoglycemia, weight gain and impaired quality of life in patients with diabetes might delay insulin initiation [28] [29] [30] . In the current study, emotional or psychological issues of patients were commonly reported as reasons for delaying insulin therapy. Physicians delayed insulin therapy mostly because patients refused it (33.6%) or because of concern about the patient's compliance (26.5%) rather than concerns about hypoglycemia (14.2%) or weight gain (2.1%) -two well-known adverse effects of insulin therapy. This can be understood from the trends on patient-reported reasons for delaying insulin therapy in the current study; the major patient-reported reasons for not starting insulin therapy in the current study were inconvenience (51.6%), fear of injection (48.2%) and thinking that 'it is the end of life' (31.1%). Concerns about hypoglycemia and weight gain were reported by just 2.9 and 1.5% of patients, respectively. Similarly, a qualitative study among patients with type 2 diabetes in a primary care clinic reported needle phobia, injection pain, inconvenience and negative beliefs (such as insulin could cause organ damage, insulin is required lifelong, insulin is for more severe disease only and their diabetes was not serious enough) as factors for influencing insulin acceptance among these patients 31 . The psychological and emotional response of patients might have further exacerbated physicians' unwillingness to initiate insulin treatment in the current study, and adequate psychosocial counseling must precede and accompany actual insulin initiation to empower patients. Thus, identifying patient concerns about diabetes and insulin therapy is vital to support physicians in delivering patient-centered care.
The main limitation of the present study relates first to its observational nature, as the data obtained cannot be used to discern the cause-and-effect relationships between the variables. Second, the study's patients and providers did not constitute a representative sample of the total population, which could result in bias with respect to hospital selection and potential confounders. Finally, insulin initiation could be influenced by the nation's culture and medical insurance system. Therefore, these findings have limitations with respect to generalization to other countries.
In summary, the current study shows that there is a delay in insulin initiation in people with type 2 diabetes. Less than half of the patients uncontrolled by two OHAs initiated insulin after almost 6 years. Numerous patient-and physician-related reasons are associated with delays in insulin therapy initiation. Among them, major reasons delaying insulin therapy were associated with fear or misunderstanding of insulin therapy. Therefore, more education providing the exact details of insulin therapy will be required for clinicians as well as patients. Furthermore, exploring a patient's concerns about insulin is crucial to assist physicians in delivering patient-centered care. By understanding this, 
